Nitric oxide (NO) formation in brain is regulated by the calcium/ calmodulin dependence of neuronal NO synthase (nNOS). Calcium influx through NMDA-type glutamate receptors is efficiently coupled to nNOS activity, whereas many other intracellular calcium pathways are poorly coupled. To elucidate possible mechanisms responsible for this coupling, we performed yeast two-hybrid screening to identify proteins that interact with nNOS. Two nNOS interacting proteins were identified: the postsynaptic density proteins PSD-93 and PSD-95. Here, we report the cloning and characterization of PSD-93. PSD-93 is expressed in discrete neuronal populations as well as in specific non-neuronal cells, and it exhibits complex molecular diversity attributable to tissue-specific alternative splicing. PSD-93, like PSD-95, binds to nNOS and to the NMDA receptor 2B. PSD-93, however, is unique among PSD-95/ SAP-90 family members in its expression in Purkinje neuron cell bodies and dendrites. We also demonstrate that the PDZ domain at the N terminus of nNOS is required, but it is not sufficient for interaction with PSD-93/95. Given that PSD-93 and PSD-95 each contain multiple potential binding sites for nNOS and the NMDA receptor, complexes involving oligomers of PSD-93/95 may help account for the functional as well as the physical coupling of nNOS to NMDA receptors.
Recently, NMDA receptor subunits have been shown to bind to the postsynaptic density protein PSD-95 (Kornau et al., 1995) . The physiological significance of NMDA receptor interaction with PSD-95 is unclear but is postulated to play a role in the assembly of multiprotein complexes involved in NMDA receptor-mediated synaptic plasticity (Kornau et al., 1995) .
To determine which protein-protein interactions participate in coupling NMDA receptors to NO formation in brain, we screened for nNOS binding proteins using the yeast two-hybrid system (Fields and Song, 1989) . We identified two classes of interacting gene products from a screen of 10 6 plasmids (Brenman et al., 1996) . One group encoded fragments of PSD-95, and the other group encoded a novel related protein, PSD-93. Here, we report the cloning and characterization of PSD-93. We find that PSD-93 mRNA is highly enriched in brain, where it occurs discretely in specific neuronal populations. Outside the brain, PSD-93 occurs in specific neuronal and non-neuronal cells. Cloning of multiple PSD-93 cDNAs from brain indicates molecular heterogeneity, consistent with tissue-specific alternative splicing of the mRNA. Immunocytochemistry demonstrates that PSD-93 is likely postsynaptic in cerebellar Purkinje cell dendrites but does not rule out a presynaptic localization elsewhere. Biochemical studies demonstrate that the PDZ motifs within PSD-93 bind to nNOS as well as to the tSXV motif of NMDA receptor 2B. Surprisingly, we find that additional sequence outside the PDZ domain of nNOS is required for binding to PSD-93/95. antiserum. Glutathione-S-transferase fusion proteins encoding amino acids 77-453 of PSD-93 and amino acids 1-386 of PSD-95 were expressed and purified from Escherichia coli. Guinea pigs were immunized with the PSD-93 fusion, and rabbits were immunized with the PSD-95 fusion. Antigens were emulsified in complete and incomplete Freund's adjuvant. Serum bleeds were evaluated by ELISA.
MATERIALS AND METHODS

Generation of
cDNA cloning and analysis. A human PSD-93 cDNA encoding amino acids 116 -421 isolated as an nNOS interacting fragment was used to screen a rat brain cDNA library (Stratagene, La Jolla, CA). Ten hybridizing cDNAs were isolated from a screen of 10 6 phage. Clones were sequenced on both strands using the dideoxy chain termination method (U.S. Biologicals). The GenBank accession number for PSD-93 is U50717.
mRNA isolation and Northern blot analysis. RNA was isolated using the guanidine isothiocyanate/CsCl method, and mRNA was selected using oligo-dT Sepharose. For Northern blotting, mRNA was separated on a formaldehyde agarose gel and transferred to a nylon membrane. The filter was sequentially hybridized with random-primed 32 P probes that were generated using PSD-93 cDNAs as template. The common probe corresponded to nucleotides 237-927 of PSD-93. Transcript specific probes, 5Јa and 5Јb, were generated by the polymerase chain reaction and corresponded to the unique regions 5Ј of lysine 14 (see Fig. 1 B) . After each hybridization, the membrane was washed at high stringency, 68ЊC, with 0.1% SSC, 0.1% SDS, and exposed to x-ray film at Ϫ70ЊC.
In situ hybridization. Adult rats were perfused with 4% paraformaldehyde, and brains were harvested, post-fixed at 4ЊC for 3 hr, and cryoprotected in 20% sucrose overnight. Twenty micrometer sections were cut on a cryostat and melted onto glass slides (Plus, Fisher Scientific, Houston, TX). Embryonic day 15 rats were delivered by Cesarean section, fixed in paraformaldehyde, and processed in parallel with adult brain. In situ hybridization used 35 S-labeled RNA probes as described (Sassoon and Rosenthal, 1993) . Antisense probe to PSD 93 (nucleotides 237-927) and sense control were synthesized from pBluescript vectors. Tissue sections were exposed to x-ray film for 4 d and then were dipped into photographic emulsion (Kodak NTB-2) and exposed for 14 d.
Immunohistochemistry. Sprague Dawley rats were anesthetized with pentobarbital and perfused with 4% freshly depolymerized paraformaldehyde in 0.1 M phosphate buffer. Tissues were removed and post-fixed in paraformaldehyde for 1 hr at 4ЊC. Tissues were cryoprotected overnight in 20% sucrose. Free-floating sections (40 m) were cut on a sliding microtome. Sections were blocked for 1 hr in PBS containing 1.5% normal goat serum and then incubated overnight in the same buffer containing diluted antiserum. For indirect immunofluorescence, secondary goat anti-rabbit FITC-and donkey anti-guinea pig Cy-3-conjugated antibodies were used according to the manufacturer's specifications (1: 200; Jackson Laboratories, Bar Harbor, ME).
Fusion-protein affinity chromatography. Fusion protein of GST fused to amino acids 77-453 of PSD-93 or amino acids 1-100, 1-150, or 1-195 of nNOS were expressed in E. coli and purified on glutathione-Sepharose beads as described (Brenman et al., 1995) . Whole brain was homogenized in 10 vol (w/v) Tris-HCl buffer, pH 7.4, and centrifuged at 32,000 ϫ g for 20 min. Membranes were solubilized for 2 hr at 4ЊC in buffer containing 200 mM NaCl and 1% Triton X-100, and insoluble material was pelleted by centrifugation at 100,000 ϫ g for 30 min. Solubilized membranes were incubated with control (GST) or GST fusion-protein beads. Samples were loaded into disposable columns, which were washed with 50 vol of buffer containing 1% Triton X-100 ϩ 300 mM NaCl. Retained proteins were eluted with 150 l of loading buffer and resolved by SDS-PAGE. Blots were hybridized with a monoclonal antibody to nNOS (Transduction Laboratories, Lexington, KY). NMDA receptor peptide (KLSSIESDV) or control peptide (KLSSIEADA) was added where indicated during tissue incubation with the fusion protein.
RESULTS
Molecular cloning of PSD-93
To determine the molecular structure of PSD-93, we screened a rat brain library with a fragment of human PSD-93 isolated as an nNOS interacting gene product (Brenman et al., 1996) . Ten hybridizing clones were isolated from a screen of 10 6 phage. Clones encoding the full open-reading frame were sequenced on both strands and predicted a protein of 834 amino acids and 93 kDa (Fig. 1 A) . Sequence analysis revealed that PSD-93 shares ϳ70% homology with PSD-95 (or SAP-90) and with HDLG (or SAP-97). These three proteins share a common domain structure consisting of three PDZ (or GLGF) protein motifs followed by an SH-3 domain and finally a domain homologous to yeast guanylate kinase. Considerable sequence divergence between these homologous proteins occurs at the N terminus. In addition, HDLG and PSD-93 have small inserts between the SH3 and guanylate kinase domains. PSD-93 also has a unique larger insert between the second and third PDZ repeats.
Analysis of multiple PSD-93 cDNAs indicated three sites for putative alternative splicing. Certain cDNA clones isolated from the library had either a 102 base pair (bp) (34 amino acid) or a 45 bp (15 amino acid) insert between amino acids K624 and R625 (Fig. 1C) . Another example of alternative splicing was found by RT-PCR amplification of rat brain cDNA using primers that flank the large insert that is unique to PSD-93. In these amplifications, we consistently found two bands, one corresponding to the PSD-93 clones isolated from the library and another that lacked 156 nucleotides (52 amino acids) between PDZ-2 and PDZ-3 (noted as a deletion in Fig. 1 D) .
The greatest degree of heterogeneity was found at the N terminus of PSD-93 where we isolated cDNA clones with four distinct sequences (Fig. 1 B) . The most commonly obtained transcript, 5Јb, contained an inframe starter ATG codon that predicted a protein of 93 kDa and contained 220 bp of 5Ј untranslated sequence. The largest transcript, 5Јa, diverged from 5Јb immediately upstream of lysine 14, encoded two potential starter methionines, and contained at least 257 bp of 5Ј untranslated sequence. The sequence of two other cDNAs isolated from the library diverged from PSD-93 at points further into the translated sequence. 5Јc diverged upstream of alanine 69 and contained an inframe starter methionine. 5Јd diverged from the common PSD-93 sequence upstream of threonine 78 and did not contain an inframe ATG start codon. Translation of the 5Јd transcript may initiate at the first in frame ATG codon, which occurs at amino acid 228, or may initiate at a noncanonical start codon.
Expression of PSD-93 mRNA
We evaluated the overall distribution of PSD-93 by Northern blotting using a probe to sequences that are present in all of the alternatively spliced forms. PSD-93 mRNA occurred as a single band of ϳ7.5 kb in poly(A ϩ ) RNA from brain ( Fig. 2 A) . Under these conditions, PSD-93 could not be detected in poly(A ϩ ) RNA from kidney, spleen, liver, heart, or skeletal muscle. We also evaluated the distribution of PSD-93 in various brain regions. Highest levels were found in cerebral cortex and cerebellum, with somewhat lower densities in striatum and hippocampus, and essentially no PSD-93 could be detected in brain stem. The PSD-93 hybridizing bands in forebrain regions migrated as ϳ7.5 kb bands, whereas that in cerebellum migrated just slightly faster (Fig. 2 B) .
The altered migration of PSD-93 mRNA in cerebellum raised the possibility that the message is alternatively spliced in a tissuespecific manner. To evaluate this, we rehybridized the blot with probes corresponding to the two large alternative N termini. The first probe, 5Јa, hybridized to a single band of ϳ7.5 kb from rat brain RNA and resembled the distribution of the general PSD-93 probe in various brain regions (Fig. 2C ). On the other hand, hybridization with 5Јb indicated that this transcript occurs selectively in forebrain regions and is absent from cerebellum ( Fig. 2 D) .
We next evaluated the cellular distribution of PSD-93 mRNA by in situ hybridization. As reported previously (Brenman et al., 1996) , PSD-93 occurred in subpopulations of neurons in the adult brain. In the forebrain, PSD-93 was apparent in cerebral cortex, striatum, and hippocampus. Highest densities in hippocampus were found in pyramidal neurons of Ammon's horn and in granule cells of the dentate gyrus (Fig. 3a) . In the hindbrain, PSD-93 was restricted to Purkinje neurons of cerebellum (Fig. 3a) . PSD-93 was not detected in brain stem structures, confirming the regional distribution found by Northern analysis.
To determine expression of PSD-93 in peripheral tissues, we conducted in situ hybridization on E15 rat embryo (Fig. 3b) . We found highest densities of PSD-93 in developing brain and spinal cord. Several neuronal populations in the periphery also showed strong hybridization, including myenteric neurons of the intestine and sensory neurons of the dorsal root ganglia and trigeminal ganglia. Unlike PSD-95, certain non-neuronal tissues contained PSD-93. Particularly high levels of PSD-93 were noted in several glands, including the adrenal, thymus, and submandibular glands.
PSD-93 is present in Purkinje cell bodies and dendrites in cerebellum
To compare the cellular localization of PSD-93 and PSD-95 in brain, we developed affinity-purified antisera to PSD-93 and PSD-95 in guinea pig and rabbit, respectively. Immunoblotting of total brain homogenate demonstrates that antiserum to PSD-93 predominantly recognizes a protein product that migrates at ϳ103 kDa (Fig. 4) . The antiserum to PSD-95 recognizes a protein that migrates at ϳ95 kDa. Longer exposure of the PSD-95 Western blot reveals a second reactive band of ϳ75 kDa. This lower band has been noted previously by others (Cho et al., 1992) .
Although PSD-95 is postsynaptic in forebrain (Hunt et al., 1996) , PSD-95 immunoreactivity in cerebellum is most concentrated in the presynaptic axon terminals of basket cells (Kistner et al., 1993; Hunt et al., 1996) . These PSD-95-rich terminals form dense structures called beards or pinceaus about the Purkinje neuron axon hillock (Fig. 5) . PSD-93 immunoreactivity, in contrast, is highly enriched in Purkinje neuron somata and dendrites ( 
nNOS binds to PSD-93
PSD-93 was identified in a yeast two-hybrid screen as an nNOS interacting protein (Brenman et al., 1996) . To verify this interaction biochemically, we expressed and purified a fragment of PSD-93 as a glutathione-S-transferase protein (G-P93) in E. coli. The expressed fragment encoded amino acids 77-453, which represent the first two PDZ domains of PSD-93. We evaluated binding of endogenous nNOS to this fragment of PSD-93 by affinity chromatography (Brenman et al., 1996) . Crude solubilized brain extracts were incubated with G-P93 or control. GlutathioneSepharose was added, and nonspecific proteins were removed by washing with buffer containing 300 mM NaCl and 1% Triton X-100. Adherent proteins were eluted with loading buffer and resolved by SDS-PAGE. Western blotting showed selective retention of nNOS to a PSD-93 column but not to a control GST column (Fig. 6) . Previous studies indicate that nNOS interacts selectively with the second PDZ motif of PSD-95 and that binding can be competed away with a peptide corresponding to the nine terminal amino acids of the NMDA receptor 2B (KLSSIESDV).
To determine whether binding of nNOS to PSD-93 displayed similar properties, we repeated the "pull-down" assays in the presence of varying concentrations of the NMDA receptor peptide. We found that this 9-mer peptide potently displaced nNOS from PSD-93 (K d Ͻ5 M). Displacement by the NMDA receptor peptide was specific. A control peptide (KLSSIEADA), with only point mutations of the consensus serine and valine residues to alanines, had no effect on binding, even at higher concentrations (Fig. 6) . The PDZ domain of nNOS is contained within the first 100 amino acids, whereas the first 195 amino acids of nNOS were originally used to identify PSD-93 in a two-hybrid screen. We therefore asked whether the PDZ domain of nNOS was sufficient for interaction with PSD-93. To address this question, we engineered overlapping constructs spanning the amino terminal 195 amino acids of nNOS and screened for interaction with PSD-93 by the yeast two-hybrid system (Table 1) . We found that constructs containing the first 150 amino acids of nNOS were necessary and sufficient for association with PSD-95. Deletion of sequences on either side of this 150 amino acid domain produced fusions that failed to interact with PSD-93. Importantly, an N-terminal 100 amino acid construct encoding the entire consensus PDZ domain of nNOS did not associate with PSD-93.
To verify that the PDZ domain of nNOS is not sufficient for interaction with PSD-93, we biochemically evaluated binding using affinity chromatography. GST fusion proteins encoding amino acids 1-100, 1-150, and 1-195 were linked to columns of glutathione-Sepharose beads and were incubated with solubilized brain extracts (Fig. 7) . After the columns were washed, retained proteins were identified by Western blotting. Again, we found that amino acids 1-150 of nNOS potently interacted with PSD-93 but that amino acids 1-100 are not sufficient for association. In parallel experiments, we found that amino acids 1-150 of nNOS are necessary and sufficient for interaction with PSD-95 (data not shown).
DISCUSSION
These studies identify PSD-93 as a novel member of a growing family of proteins with both PDZ motifs and homology to guanylate kinases. These proteins seem to organize signaling molecules at membrane junctions. The PDZ motif contains ϳ100 amino acids and is present in a diverse family of enzymes and structural proteins. The first identified member of this group, discs-large (dlg) tumor suppressor protein of Drosophila, is localized to septate junctions of epithelial cells in Drosophila larvae. The absence of dlg in mutant flies results in disruption of the septate junctions, loss of cell-cell adhesion, and neoplastic growth of epithelial cells in the larval imaginal disks (Woods and Bryant, 1991) . Mammalian homologs of dlg have also been localized to sites of cell-cell contact. For example, zona occludens 1 and 2 (ZO1 and ZO2) occur at tight junctions of epithelial cells (Stevenson et al., 1986; Willott et al., 1993; Jesaitis and Goodenough, 1994) . PSD-95/ SAP-90 and HDLG/SAP-97 are enriched in presynaptic compartments of certain synapses (Kistner et al., 1993; Lue et al., 1994; Muller et al., 1995) and postsynaptic densities of forebrain neurons (Hunt et al., 1996) . The high densities of PSD-93 mRNA identified here in specific neuronal populations in brain and periphery suggest an analogous role for PSD-93 in synaptic function. The dramatic enrichment of PSD-93 in cerebellar Purkinje Figure 2 . Tissue expression and alternative splicing of PSD-93. A, Northern blotting of adult rat tissues indicates that PSD-93 is expressed as an ϳ7.5 kb transcript that occurs in brain (Br) but not in kidney (Ki), spleen (Sp), liver (Li), heart (He), or skeletal muscle (Sk). C, Northern blotting of brain regions demonstrates that PSD-93 is present in cerebellum (Cb), cortex (Cx), hippocampus (Hi), and striatum (St) but is absent from brainstem (BS). Note that the band in cerebellum migrates slightly faster than that in other brain regions. For A and B, a probe common to all of the alternatively spliced forms of PSD-93 was used. D, E, The blot in B was sequentially rehybridized with probes corresponding to two of the alternatively spliced N-terminal regions of PSD-93. C, Probing with 5Јa reveals that the regional distribution of this splice variant is similar to that of PSD-93. D, 5Јb, however, is selectively absent from cerebellum. B, F, Duplicate samples of mRNA were probed for glyceraldehyde 3-phosphate dehydrogenase to demonstrate loading and integrity of the mRNA for the above blots. PSD-95/SAP-90 was identified independently by two laboratories as an abundant and detergent-insoluble protein enriched in brain synaptosomal fractions (Cho et al., 1992; Kistner et al., 1993) . Specific functions for PSD-95 remain uncertain, and no catalytic activity has yet been demonstrated for the guanylate kinase domain. Yeast two-hybrid analysis, however, identified that PSD-95 can bind to NMDA receptor subunits and to certain K ϩ channels (Kim et al., 1995; Kornau et al., 1995) . PSD-95 and NMDA receptor 2B have been shown to cluster together at synaptic sites in hippocampal neurons in culture (Kornau et al., 1995) . In addition, coexpression of PSD-95 with K ϩ channel K v 1.4 results in redistribution and clustering of the channel in cell surface patches (Kim et al., 1995) . These studies identified that the first two PDZ repeats of PSD-95 can participate in a domain interaction with ion channels that contain a C-terminal tSXV motif (Kim et al., 1995; Kornau et al., 1995) . We similarly find that PSD-93 expressed as a GST fusion protein interacts with K v 1.4, which contains the tSXV motif (data not shown). Therefore, PSD-93 may also play a role in clustering of synaptic receptors in certain neurons.
In brain, nNOS is enriched in membrane fractions (Hecker et al., 1994; Brenman et al., 1996) . Electron micrographic studies demonstrate that membrane-associated nNOS is concentrated in axon terminals and over thick postsynaptic densities (Aoki et al., 1993) . This membrane association of nNOS in neurons is mediated by the PDZ-containing domain, because nNOS isoforms lacking this domain occur only in soluble fractions of brain extracts (Brenman et al., 1996) . Membrane association of nNOS in brain may be mediated by interaction with PDZ repeats in PSD-95 and PSD-93. These PDZ domain interactions are specific; nNOS interacts selectively with the second PDZ motif of PSD-93/95 (Brenman et al., 1996) . Because the first and third PDZ domain of PSD-95 can interact independently with tSXV domains of certain ion channels (Kim et al., 1995; Doyle et al., 1996) , PSD-95 and PSD-93 may serve as molecular bridges linking ion channels to nNOS. This compartmentalization of nNOS with ion channels may account for the selective coupling of specific calcium influx . PSD-93 is postsynaptic, whereas PSD-95 is predominantly presynaptic in rat cerebellum. A sagittal section of rat cerebellum was processed for indirect immunofluorescent double-labeling using a guinea pig antiserum to PSD-93 and a rabbit antiserum to PSD-95. A, PSD-93 immunoreactivity, visualized in the red channel, is present in Purkinje cell somata and molecular layer (M ) of cerebellum (100ϫ magnification). B, PSD-95, visualized in the green channel, is present in the synaptic plexus of basket cell axons beneath the Purkinje cell layer (P) (100ϫ magnification). C, Higher-power double exposure shows that PSD-93 immunoreactivity (orange) is confined to Purkinje neurons (arrow), whereas PSD-95 immunoreactivity ( green) primarily labels the presynaptic basket cell pinceaus (arrowhead ) (400ϫ magnification). Note that the orange color observed on double exposure is attributable to the longer exposure times required by FITC filters. pathways to NO formation (Garthwaite, 1991; Raiteri et al., 1991; Kiedrowski et al., 1992) .
In central neurons, NO formation is functionally coupled to NMDA receptor activity, and nNOS protein is colocalized with PSD-95 in some, but not all, neuronal populations (Brenman et al., 1996) . In cerebellum, an nNOS/PSD-95 complex was identified by immunoprecipitation (Brenman et al., 1996) . We have not yet been able to evaluate possible formation of an nNOS/PSD-93 complex in brain membranes, because after affinity purification our antiserum does not immunoprecipitate native PSD-93 protein from brain extracts. Outside the brain, nNOS also occurs in certain neuronal and non-neuronal cell populations, and in many of these peripheral tissues nNOS occurs together with PSD-93. For example, we find that PSD-93 mRNA is enriched in neurons of the myenteric plexus. nNOS also occurs at high densities in myenteric neurons, and NO that is formed in these cells mediates nonadrenergic-noncholinergic relaxation of the intestines (Bult et al., 1990) . NMDA receptor activity does not regulate nNOS in the enteric nervous system. Instead, NO formation seems to be linked to calcium influx through -conotoxin-sensitive channels (Daniel et al., 1994) . It will now be important to determine whether these channels interact with PSD-93 and nNOS in myenteric neurons.
PDZ domains seem to be modular motifs capable of diverse modes of protein-protein interaction. One class of ligands for PDZ domains is the terminal tSXV motif that occurs in certain ion channels and receptors. Recent x-ray crystallography studies of a single PDZ domain demonstrate that the terminal carboxylate group of the tSXV is cradled by the main chain amides as well as an arginine side chain of the PDZ domain (Doyle et al., 1996) . In the crystal, the PDZ domain forms a dimer in which the surface of the peptide-binding domain of one PDZ subunit interacts with residues in ␤-strands from the other subunit (Cabral et al., 1996) . This binding topology of PDZ domains may explain why the tSXV peptide of NR2B potently blocks nNOS binding to PSD-93.
Other studies have shown that PDZ domains can interact with transmembrane proteins, which entirely lack tSXV motifs (Shieh and Zhu, 1996) . Interaction of nNOS with PSD-93/95 shows certain unique characteristics. nNOS is the first peripheral membrane protein found to interact with a PDZ domain. Also, the PDZ domain of nNOS is involved in binding to the PDZ domain of PSD-93/95. Future structural studies of the amino terminal domain of nNOS should identify determinants that confer binding of nNOS to PSD-93/95. Interestingly, we report here that the PDZ domain of nNOS alone is not sufficient for association with PSD-95. It will be important to determine whether interaction of PDZ domains and adjacent sequences is a common mechanism for organization of signaling machinery.
Cloning of PSD-93 identifies a significant heterogeneity of tran- Figure 6 . The PDZ repeats of PSD-93 interact with nNOS and the tSXV motif of NMDA receptor 2B. Glutathione-Sepharose beads bound to GST or to a PSD-93 protein fragment (amino acids 77-453) fused to GST (G-P93) were incubated with brain extracts. After the beads were washed extensively, retained proteins were eluted with 0.2% SDS and separated by SDS/PAGE. Western blotting indicates that nNOS is selectively retained by G-P93 (lane 3) but not by GST alone (lane 2). Binding assays performed in parallel indicate that an NMDA receptor 2B C-terminal peptide displaces nNOS from G-P93 completely at 10 M (lanes 4 and 5), substantially at 5 M (lanes 6 and 7 ), and negligibly at 0.1 M (lanes 8 and 9) . A control peptide had no effect on nNOS binding to G-P93 at 10 M (lanes 10 and 11). Input ϭ 10% of the protein loaded onto the fusion-protein columns. Yeast Y187 cells were cotransformed with expression vectors encoding various Gal4 DNA binding domain and Gal4 activation domain fusion proteins. Each transformation mixture was plated on synthetic dextrose plates lacking tryptophan and leucine. Interaction was measured by the liquid culture ␤-galactosidase assay as described (Fields and Song, 1989; Clonetech) . Values are representative of experiments repeated twice with similar results.
scripts. Our molecular studies identified six examples of putative alternative splicing, and it seems likely that additional heterogeneity exists. Alternative splicing within the open reading frame regulates the expression of inserted sequences between the second and third PDZ motifs and between the SH3 and guanylate kinase domains. These alternative splicing events may modify the protein-binding properties of the PDZ and SH3 domains. A more complex level of alternative splicing occurs at the N terminus of PSD-93, where the alternative 5Ј regions are expressed in a tissue-specific manner. Thus the PSD-93 gene may contain multiple promoter regions that are differentially active in specific tissues and during specific developmental stages. Similar complex mechanisms for transcriptional regulation of the nNOS gene have been detected in human (Xie et al., 1995) and rat tissues (Brenman et al., 1996) .
